Objective: Cervical spondylotic myelopathy is a progressive debilitating disease that favorably responds to surgical decompression. The objective of this study was to review the use of expandable titanium cages for reconstruction of the spine after cervical corpectomy.
Introduction And Background
Cervical spondylotic myelopathy (CSM) is a progressive degenerative process of the cervical spine resulting in narrowing of the spinal canal, causing a variety of nonspecific clinical symptoms that make early diagnosis challenging. The overall prevalence of CSM is unknown, but CSM is the most common cause of myelopathy in adults over 55 years of age and causes progressive disability [1] [2] . The clinical presentation is insidious and varies, but subtle gait spasticity is a common initial symptom followed by upper extremity paresthesia and loss of dexterity [2] [3] . A high degree of clinical suspicion is needed to make an early diagnosis, and unlike other pathologies of the spine, multiple studies have shown progressive neurologic deterioration in up to two-thirds of patients with CSM treated with medical management alone [2] . Response to surgical decompression and stabilization has been correlated with duration of symptoms prior to intervention, and multiple studies suggest that prognosis improves after surgical intervention if the duration of symptoms is less than one year [4] [5] [6] . Diabetes is the most frequent morbidity having the most significant impact on surgical results [7] . Moreover, in CSM patients following multilevel decompression with bone grafting, the rate of solid osseous union is higher in non-smokers than smokers [8] .
The main surgical objective for CSM is decompression of the neural elements of the cervical spine. Other goals of surgery include restoration of height, sagittal alignment, and structural stability. The means to these objectives are varied and debated. Studies have failed to reproducibly demonstrate improved outcomes for any one surgical approach over another [9] [10] , and thus, specific surgical approaches are subject to surgeon preference. There are, however, guiding principles to help determine whether a ventral versus a dorsal approach to the cervical spine is optimal. A laminectomy via a dorsal approach, for example, is most appropriate for pathologies compressing the dorsal surface of the spinal cord, such as buckling of the ligamentum flavum or facet arthropathy. Ventral decompressions are most suited for anterior pathologies, including disc herniation or osteophytic complexes compressing the ventral spinal cord. Sagittal alignment is also an important characteristic to consider when determining surgical approach. For instance, dorsal approaches have been associated with poor outcomes for patients with cervical kyphosis [11] .
Dynamic expandable titanium cages have increasingly been used within the past decade to reconstruct the cervical spine after decompressive corpectomies (Figure 1 ). These new cages are more versatile than static mesh cages, and the new cages can be expanded in situ within a corpectomy defect, restoring sagittal alignment in a controlled manner [12] . Expandable cages, however, are not without associated complications, such as subsidence, instrumentation failure, and adjacent vertebral body fractures [13] . In this paper, we review the current use of expandable titanium cages for spinal reconstruction after ventral decompression of CSM patients. cages cases were reported, and if the CSM patients couldn't be distinguished from patients with other diagnoses. Cross check of reference lists from identified articles was performed for additional information.
Results
A total of six case series published from 2005 through 2012 were identified and included for review ( Table 1) . Of the six case series, there were five retrospective [12, [14] [15] [16] [17] [18] and one prospective observational [19] study. A combined total of 143 patients underwent cervical spine reconstruction using expandable titanium cages after corpectomies with a combined mean follow-up of 21.4 months. The mean age of the patients at the time of surgery was 59. Treated pathologies were restricted to cervical spondylotic myelopathy. A variety of expandable titanium cages were implanted: ADD (Ulrich, Ulm, Germany) [12, 14, 16, 19] , ADDPlus (Ulrich, Ulm, Germany) [12, 14] , VBR (Ulrich, Ulm, Germany) [17] , Synex ECC (Synthese Spine, West Chester, PA) [15] , and Tecorp (Scient'x, France) [18] . Correction of sagittal balance was reported for 130 patients, and the combined mean lordotic correction was 10.1°. Anterior cervical plating and/or posterior lateral mass/pedicle screw fixation have been used. In all cases treated with ADD, Tecorp, and Synex, anterior plating has been used. This would include all of the patients reviewed with the exception of 28 patients from Cabraja, et al. study and an unknown number in the Woiciechowsky, et al. study. ADDPlus cage, which has attached plate with two holes for screw fixation on both sides, has been used for those patients [12, 14] . In the ADD group, two different plate types were used, a semi-constrained plate and a dynamic plate. [12, [14] [15] [16] [17] [18] [19] or the absence of implant-endplate interface lucency on computed tomographic scans [12, 14, [16] [17] 19] . Woiciechowsky further characterized the bony mass within the cages as a measure of Hounsfield units [14] . Fusion was evaluated on flexion-extension radiographs at six, 12, or 24 months [12, 14, [16] [17] [18] [19] . The expandable cages were packed with local autograft harvested from the index vertebral bodies or with β-tricalcium phosphate (TCP) prior to implantation. Of the patients with reported data regarding dorsal fixation, in addition to the ventral titanium cage implant, only 17% of the patients underwent dorsal instrumentation to augment the ventral construct at the initial decompressive operation.
The combined complication rate of the 143 reported cases was 10%. One patient experienced persistent right arm weakness after an implanted cage migrated and required a reoperation [18] , and one patient suffered from persistent dysphagia [19] . One patient developed adjacent level disease, which later required dorsal fixation to augment the anterior column [16] . Otherwise, the remaining morbidities were transient and consisted of five cases of dysphagia, one C5 nerve palsy, two recurrent laryngeal nerve palsies, one retropharyngeal hematoma, and screw failure that did not compromise fusion.
The overall outcome of the case series was favorable. 
Discussion
Since the introduction of the anterior cervical discectomy in 1958 [20] , anterior approaches for cervical decompression and stabilization have evolved technically from a single-level anterior decompression of a disc to multilevel corpectomies with expanding indications, including the treatment of CSM. Cervical corpectomy is a versatile procedure for anterior decompression of the spinal cord. Traditionally, autologous tricortical iliac bone has been considered the "gold standard" for reconstructing the anterior column after bone removal, but donor site morbidity, pseudarthrosis, and graft displacement have historically been complicating problems [21] [22] [23] [24] . Allograft bone obviates the donor site morbidity of autograft iliac bone, but fusion rates for allograft relative to autograft have not been as high [25] [26] .
Titanium mesh cages have provided a significant improvement for cervical fusion and reconstruction. The mesh cage can be packed with local autograft harvested from the corpectomy surgery and provides structural support restoring physiologic height. Autologous bone grafts proved to improve fusion rates in patients in whom they are used. An, et al. reported that pseudarthrosis developed in 46.2% of patients who underwent fusion with allograft demineralized bone matrix, whereas pseudarthrosis occurred in 26.3% in whom autograft-assisted fusion was performed [27] . Moreover, TCP shows excellent bone formation at early time points with no material-related adverse effects [28] . The use of TCP makes the bone ingrowth possible despite the small central cavity [14] . Consequently, fusion rates evaluated on flexion-extension radiographs at six, 12, or 24 months have been reported as 97 to 100% [12, 14, [16] [17] [18] [19] .
Mesh cages have several disadvantages, however. The mesh cages are technically challenging to implant. The length of the cage must be precisely cut to the length of the corpectomy defect. A mesh cage cut too long causes overdistraction of the cervical level and may result in traction injury to the exiting spinal nerves or adds excessive pressure to the adjacent endplates, increasing the risk of subsidence [29] . Alternatively, a titanium mesh cage too short results in weak compression at the endplate interface and may cause cage migration [14] . Impacting a mesh cage into position over the cervical spinal cord risks injury to the cord and may damage the adjacent endplates causing subsequent subsidence.
Expandable titanium cages are more versatile than static mesh cages, allowing for easier implantation of the cage into a corpectomy defect (Figure 2) . The expansion mechanism allows for precise, controlled expansion of the cage in situ with adequate compression at the endplate interfaces and avoiding overdistraction [12, 14, 19] . Care, however, must be taken during cage expansion since the expansion torque has been shown to poorly correlate with endplate forces [30] . The results of this review demonstrate an excellent overall fusion rate of 98% for expandable titanium cages, a comparable value to the fusion rate of static mesh cages. Less time is required to implant expandable cages relative to mesh cages, which in turn decreased perioperative morbidities, including transient dysphagia. Expandable cages have associated complications. There is some evidence to suggest that despite the greater surface contact area, expandable cages have a trend for higher subsidence rates when compared to fixed cages [31] [32] . Some biomechanical assessments of expandable cages suggest associated higher subsidence rates and intraoperative fractures during deployment [30] [31] . Contrary to this, other biomechanical studies [12] . The overall complication rate of expandable cage implantation reported in six case series of this review was 10%. The indications for the corpectomies vary and include cervical spine tumors which carry a known higher complication rate for surgery. Thus, the complication rate for decompressive corpectomy and reconstruction with an expandable titanium cage for CSM is likely lower.
Interestingly, dynamic plate designs provided a faster fusion of the cervical spine compared with constrained plate designs [37] . In addition, the rate of implant complications is lower within the group of patients receiving a dynamic plate [37] . A less effective load sharing of constrained plates compared with dynamic plates might explain the screw breakage and loosening in the patient in our review.
In summary, the results of this review show promising results from the use of expandable titanium cages for reconstruction of the cervical spine after decompressive cervical corpectomy. The combined fusion rate, lordotic correction, and general outcomes of the surgeries were very comparable to static mesh cages. The complication rate of the procedure as an indication for treating CSM is less than 10%. Further studies are warranted to investigate the conflicting data regarding biomechanical efficacy of the expandable cages.
Conclusions
The results of this review demonstrate that expandable titanium cages are safe and effective in the treatment of cervical spondylotic myelopathy. The features of the expandable titanium cage allow for easier incorporation of the cage into a corpectomy defect relative to a static titanium mesh cage, adding structural support and restoring sagittal alignment.
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